Objective: Immunohistochemistry with p16 antibody is used as a diagnostic marker in several gynecologic pathologies. The purpose of the present study was to evaluate the diagnostic and prognostic significance of p16 immunohistochemistry in various uterine smooth muscle tumors. Methods: Tissue specimens, including 29 leiomyomas, 13 smooth muscle tumors of uncertain malignant potential (STUMP), and 17 leiomyosarcomas, were obtained from 59 patients with uterine smooth muscle tumors. The prevalence of p16 expression in various uterine smooth muscle tumors was examined using immunohistochemistry methods and we investigated the association between p16 expression and various clinicopathologic parameters, including prognosis of leiomyosarcomas. Results: The prevalence of p16 expression of leiomyomas, STUMP, and leiomyosarcomas tumors was 10.3%, 38.4%, and 76.4%, respectively. The prevalence and immunohistochemistry scores of p16 were significantly higher in the leiomyosarcomas group than in the leiomyomas or STUMP tumor groups. In the leiomyosarcomas groups, p16 immunohistochemistry scores were significantly higher in the groups with more advanced stage, higher mitotic activity, and recurrence. The relationship among p16 immunohistochemistry scores and age, tumor size, extent of necrosis, and degree of myometrial invasion was not significant. High expression of p16 in leiomyosarcomas was linked to shorter disease-free and overall survival. Conclusions: The use of p16 immunohisitochemistry is a useful marker in differential diagnosis in various uterine smooth muscle tumors. Moreover, p16 overexpression possibly plays an important role in tumor progression and we demonstrate that p16 may be a predictor of overall survival in patients with leiomyosarcoma tumors.
Introduction
Smooth muscle tumors of the uterus are common. In general, they are classified as leiomyomas, smooth muscle tumors of uncertain malignant potential (STUMP), and leiomyosarcomas, and the majority of those tumors are benign leiomyomas. Uterine leiomyosarcomas are rare, accounting for only 1% of uterine cancers. Leiomyosarcomas are clinically very aggressive malignant smooth muscle tumors having a poor prognosis with cure rates ranging from 20% to 60%, even when diagnosed at an early stage [1] . Therefore, differential diagnosis of malignant smooth muscle tumors from benign uterine smooth muscle tumors is a clinically serious problem. Pathologic diagnosis of leiomyosarcomas is not usually very difficult because leiomyosarcomas exhibit cell coagulative necrosis, high mitotic activity, and diffuse marked nuclear atypia. Diagnosis of leiomyosarcoma is limited, however, to only the morphologic features because these microscopic findings often overlap with those of STUMP. When the tumors lack more than two findings as above, these cases are diagnosed as variant-type leiomyoma or STUMP [2] . The etiology of leiomyosarcomas is unknown, but cell cycle regulators are thought to be intimately involved in the pathogenesis [3] . The loss of cell cycle control is a critical step in tumorigenesis. Several oncogenes and tumor suppressor genes involved in cell cycle control have been investigated and inactivation of retinoblastoma or p16, overexpression of p53, and p21 are reported to be closely involved in soft tissue sarcoma [4] - [6] . The p16 protein is a tumor-suppressor gene that acts as a negative cell cycle regulator [7] . p16 binds specifically to the cyclin-dependent kinase CDK-4, inhibiting the catalytic activity of the CDK4-cyclin D complex. Activation of p16 consequently blocks the transcription of cell-cycle regulatory proteins and results in cell-cycle arrest [8] . Therefore, loss of p16 functions, such as hypermethylation or deletion in promoter sequences, facilitates cell proliferation and is reported in many different types of carcinomas such as lung, breast, bladder, and ovarian carcinoma [9] - [14] .
The detection of p16 protein using immunohistochemistry (IHC) methods has been applied for the differential diagnosis in the field of gynecologic pathology. Many studies have reported high p16 protein expression levels in precancerous or invasive lesions of the uterine cervix. Therefore, diffuse expression of p16 in the uterine cervix is regarded as an excellent surrogate marker of the presence of high-risk human papillomavirus (HPV) [15] - [17] . In addition, p16 is highly expressed in endometrial malignant tumors, especially serous adenocarcinoma and small cell carcinoma, compared with endometrioid adenocarcinoma [18] . Moreover, with respect to uterine smooth muscle tumors, several recent reports show frequent overexpression of p16 in uterine leiomyosarcoma compared with leiomyoma. These findings suggest that the detection of p16 expression may be a useful diagnostic marker of leiomyosarcoma [19] - [21] . The relationship between p16 expression and clinical parameters in smooth muscle tumors, however, has not been well examined. Therefore, in the present study, to assess the clinical significance of p16 expression, we examined the prevalence of p16 in various uterine smooth muscle tumors using IHC methods and analyzed the association with various clinicopathologic parameters, including prognosis.
Materials and Methods
The present study was a retrospective investigation of the relation between immunohisto-chemical p16 status and various clinicopathologic parameters, including prognosis in patients with uterine smooth muscle tumors. The present study was conducted in accordance with the principles of the Declaration of Helsinki. We retrospectively evaluated consecutive 59 patients diagnosed with uterine smooth muscle tumors, including 29 leiomyomas, 13 STUMPs, and 17 consecutive leiomyosarcomas. The study protocol was approved by the Institutional Review Board of Nara Medical University. Medical records and tissue specimens were obtained from 59 patients who had undergone hysterectomies or myomectomies between 1996 and 2013 at the Department of Gynecology of Nara Medical University. The 29 leiomyomas comprised usual types, cellular leiomyomas, bizarre types, mitotically-active types, and myxoid types (shown in Table 1 ). Histologic diagnoses of all cases were confirmed by review of hematoxylin and eosin-stained slides by two pathologists. Microscopic findings, such as mitotic activity, cellularity, necrosis, and nuclear atypia, were analyzed (shown in Table 2 ). Clinical patient character- ristics are shown in Table 3 . IHC for p16 was performed on representative 4-μm sections from formalin-fixed paraffin-embedded tissue sections using the BondMax automated immunostainer according to the standard protocol (p16 [INK4a] mouse monoclonal antibody; clone E6H4; dilution, 1:25; Dako). Cervical cancer tissue sections were used as a positive control, and omission of primary antibody was used as a negative control. The p16 IHC slides were evaluated using previously published criteria [15] . And semi-quantitatively scored according to the extent of stained nuclear or cytoplasmic cells as follows; 0: no staining, 1+: 1% -10% of cells stained, 2+: 11% -25%, 3+: 26% -50%, and 4+: 51% -100%; negative means 0% area staining, focally positive means 1% -50% area staining, diffusely positive means 51% -100% area staining. All other staining patterns were scored as negative. Each lesion was examined and scored separately by two pathologists. The prevalence of p16 expression in various uterine smooth muscle tumors was examined and the association between p16 expression and various clinicopathologic parameters, including prognosis of leiomyosarcoma, was investigated. 
Statistical Analysis
Statistical analyses were performed using StatView software (SAS Institute Inc., Cary, NC, USA). Fisher exact test and Mann-Whitney U-test were used to analyze the differences in p16 expression positivity between leiomyoma, STUMP, and leiomyosarcoma. The differences between p16 expression scores and various clinicopathologic parameters in leiomyosarcoma were determined by the Mann-Whitney U-test. Kaplan-Meier method was used to calculate progression-free survival and overall survival rates, and differences in survival curves were evaluated with the log-rank test. p values of less than 0.05 were considered statistically significant.
Results
IHC staining revealed the expression of p16 protein in both the nucleus and cytoplasm of the affected cells (Figure 1) . The clinicopathologic features of uterine smooth muscle tumors are shown in Table 2 . The prevalence of p16 expression of leiomyoma, STUMP, and leiomyosarcoma tumors was 10.3%, 38.4%, and 76.4%, respectively. The prevalence and p16 IHC scores were significantly higher in the leiomyosarcoma tumors compared with the leiomyoma and STUMP tumors (p < 0.05; Figure 2 ). The prevalence and p16 IHC scores were significantly higher in the STUMP tumors than in the leiomyoma tumors (p < 0.05; Figure 2 ). We also evaluated the p16 expression levels with the clinicopathologic features in leiomyosarcoma ( Table 4 ). In patients with leiomyosarcoma, the p16 IHC score was significantly positively correlated with the clinical stage (p = 0.049), mitotic activity (p = 0.0074), and relapse rate (p = 0.0446). The p16 IHC scores did not correlate with age, tumor size, extent of necrosis, or degree of myometrial invasion. The progression-free survival and overall survival rates were significantly different between patients with tumors expressing high p16 levels and those with tumors expressing low p16 levels (p < 0.05; Figure 3) . 
Discussion
The p16 (CDKN2a/INK4a) gene is located on the short arm of chromosome 9, region 9p21, and is a well-known tumor-suppressor gene. Loss of p16 function is reported in various malignant tumors, such as lung and ovary carcinoma [14] [22]- [24] , and decreased p16 expression is associated with tumor progression and poor survival [23] [24] . Inactivation events are mainly due to homozygous deletion and methylation of the promoter, homozygous deletion, and point mutation, leading to intensified proliferation of neoplastic cells and cytostatic drug resistance. Frequent mutations and deletions of p16 are observed in many primary tumors and in human cancer cell lines [25] - [27] . Moreover, the loss of p16 may be an early event in cancer progression, because deletion of at least one copy is quite high in some premalignant lesions. In contrast, overexpression of p16 protein is reported in several malignant tumors [11] [28] [29] . In gynecologic tumors, p16 over-expression is well known in uterine cervical pre-and cancerous lesions. Diffuse positivity for p16 in the uterine cervix is considered a surrogate marker of the presence of active high-risk HPV [15] - [17] . HPV-associated tumors, other than uterine cervical tumors such as oropharynx and some head and neck cancers, are also usually positive for p16. The E7 protein is a major oncoprotein produced by infection with high-risk HPV and binds to retinoblastoma protein, resulting in its functional inactivation. It has been hypothesized that p16 is under negative feedback control of functional retinoblastoma, so the function of p16 is normal and overexpression of p16 is thought to occur in cells infected by high-risk HPV E7. Several reports have recently demonstrated overexpression of p16 protein in leiomyosarcomas compared with leiomyomas [19] - [21] . Why p16 protein, a tumor suppressor, is paradoxically overexpressed in several tumors not associated with HPV infection, however, is not clear. Atkins et al. noted in their discussion that overexpression of p16 in such cases remains enigmatic, but may be due to a mutated gene or nonfunctional protein [20] . In the present study, we examined the prevalence of p16 expression in leiomyoma, STUMP, and leiomyosarcoma tumors using IHC methods. The prevalence and p16 IHC scores were significantly higher in leiomyosarcoma tumors compared with leiomyoma or STUMP tumors. Bodner-Adler et al. reported p16 expression in 12% in leiomyomas and 57% and in leiomyosarcomas, and our results are consistent with their findings [19] , confirming that p16 protein is a critical factor in leiomyosarcoma development and may be a useful diagnostic marker of leiomyosarcoma. In contrast, the clinical importance of the significant increase in p16 expression in STUMP cases remains unclear. Due to its rarity and difficulty of diagnosis, the clinical behavior and prognosis of STUMP remains controversial. O'Neill et al. reported that p16 expression is significantly higher in leiomyosarcomas compared with other tumor types, but only 1 of 4 STUMP tumors showed p16 overexpression, so there was no statistical difference in p16 expression between leiomyomas and STUMPs [20] . Bodner-Adler et al. reported that 5 of 19 cases had positive p16 staining, but all 5 cases had focal staining and a favorable clinical outcome [19] . Ünver et al. observed that only 1 of 3 STUMP cases was positive for p16 and this case did not have recurrence after 120 months of follow-up [30] . Conversely, Ip et al. investigated 16 STUMP cases and 5 showed focal p16 staining and 2 showed diffuse p16 staining [31] . In their report, the 2 patients with diffuse p16 staining developed recurrent disease and the 5 with focal p16 expression remained disease-free in the follow-up period [31] . Atkins et al. observed that three of eight STUMP cases developed metastatic disease and two of these tumors demonstrated diffuse and strong p16 positivity [20] . Based on these findings, they suggested that p16 expression might be a useful marker for predicting the prognosis in STUMP cases [20] . In our study, comprising 13 STUMP tumors, 5 patients (38.4%) had p16 protein expression and p16 positivity was significantly different between leiomyomas and STUMP or STUMP and leiomyosarcomas. Of the five cases, one showed diffuse staining and the others showed focal staining, and all cases have had a favorable prognosis to date. Our findings conflict with those of their reports. This disagreement might be due to the small number of cases in all of the reports, including our study, and also probably due to the absence of uniformity in the diagnosis of STUMP. In our study, the patients with STUMP had not been followed up for a long period of time, so a longer follow-up is needed. Diffuse p16 expression is a potential helpful tool for predicting the behavior of problematic STUMPs. The physiologic role of p16 overexpression in leiomyosarcoma is still unclear. Therefore, we investigated the association between the degree of p16 expression and variable clinical parameters and prognosis in leiomyosarcoma. There is no established useful prognostic marker of leiomyosarcoma, and currently only the clinical stage is thought to be associated with the prognosis. Ünver et al. reported no significant association between p16 expression and clinical outcome in leiomyosarcoma [30] . In our study, p16 IHC scores were significantly higher in tumors of more advanced stages, higher mitotic activity, and recurrence. There was no relationship between p16 IHC scores and age, tumor size, extent of necrosis, or degree of myometrial invasion. These findings indicate that high p16 expression might be associated with the aggressiveness of the leiomyosarcoma. Factors affecting the prognosis of patients with leiomyosarcoma have not been established, excluding clinical stage. The significance of the prognostic value of p16 in leiomyosarcoma is not yet clear. Overexpression of p16 is reported to be associated with a poor prognosis in several malignant tumors [11] [22] [29] [32]. On the other hand, in some tumors, such as oropharyngeal, head and neck squamous cell carcinoma, and uterine cervical cancer, p16 overexpression is related to a better prognosis [33] - [35] . In these tumors, HPV infection is thought to be a major cause of carcinogenesis and extensive expression of p16 is thought to be a surrogate marker of active high-risk HPV infection. Although the link between high p16 expression and a favorable outcome is unclear, in these HPV-associated tumors, HPV-positive tumors tend to respond to radiation and chemotherapy or exhibit less distal or lymph node metastasis. One potential explanation is that in these HPVassociated tumors, increased p16 protein acts as a functionally intact tumor suppressor to maintain cellular homeostasis. In our study, p16 overexpression in leiomyosarcoma was associated with unfavorable outcomes, such as shorter disease-free and overall survival. In contrast to HPV-positive tumors, overexpressed p16 in leiomyosarcoma might be nonfunctional, resulting in resistance to therapeutic radiation or chemotherapy. Few data regarding the significance of p16 expression in the clinical outcome in leiomyosarcoma patients are available. Bodner-Adler et al. showed no positive correlation between p16 expression and clinical prognosis [19] . This finding differs from our findings. We do not know the clear cause of this discrepancy, but both studies comprised only small number of cases. Therefore, to confirm the clinical prognostic significance of p16 expression, further studies are needed, including a larger scale study with multivariate analysis. Elucidation of the mechanism of upstream regulation leading to p16 expression might facilitate the development of better therapeutic strategies that may improve the clinical course of leiomyosarcoma.
Conclusion
In conclusion, the use of p16 immunohisitochemistry is a useful marker in differential diagnosis in various uterine smooth muscle tumors. Moreover, p16 overexpression possibly plays an important role in tumor progression and we demonstrate that p16 may be a predictor of overall survival in patients with leiomyosarcoma tumors.
